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Abstract 
This paper presents the concept of business ecosystems as a complex system, consisting of three levels of development. The 
analysis of business ecosystem reliability was done based on the probabilities of its elements to cooperate at suitable parameters. 
The analysis was based on Markov’s Chains Theory and reflects the probability of crossing an item from one state to another in 
the business ecosystem. From this point of view a previously-developed conceptual model was used and a graph of functioning 
states of each element based on business ecosystems architecture will be provided. The main outcome of this research is to 
provide a framework for understanding the importance of actors’ involvement in business ecosystems processes. 
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1. Introduction 
The business ecosystems field of study is derived from the biological field. It was initially defined as a 
community of species which lives in a natural environment. According to Merriam – Webster Dictionary (1986) a 
biological ecosystem represents “a community of living organisms with air, water and other resources” (The 
Merriam-Webster, Third New International Dictionary of the English Language, 1986). This definition was taken 
further and, in the New Oxford English Dictionary (1993) the biological ecosystem was defined as “a community of 
living species, occupying a habitat and interacting with the environment in which they live” (Oxford – Advanced 
Learner’s Dictionary, 1993). 
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Further development of this concept led to emergence of new types of ecosystems, such as: industrial 
ecosystems, digital ecosystems, social and business ecosystems. The main similarity between them is that each type 
of ecosystem is based on relations between its components established on common strategies in the same 
environment. This paper will treat with a special attention the business ecosystems domain. 
1.1. Business Ecosystem (BE) - complex adaptive systems view 
Based on biological analogy, there were defined for the first time the concept of business ecosystem. In 1993 this 
concept was presented as a community of economic entities which cooperate through business networks, in an 
established common environment (Moore, 1993).  As in biological ecosystem, in BE there are a variety of different 
“species” which were identified and defined as: keystones, dominators and niche players (Iansiti & Levien, 2004). 
The performed roles of each economic entity inside the business ecosystem are established in order to provide an 
overview of their involvement in cooperation process and business ecosystem performance. The continuous debates 
about the business ecosystems led to adoption of new theories in this field. As a new direction of development, there 
was considered that a business ecosystem represents an ensemble of several successful business networks whose 
actors are interrelated (Heikkila & Kuivaniemi, 2011). As a result, in business ecosystem the performance of the 
whole unit can be influenced by the role performed by each entity. From this point of view, business ecosystems 
could be seen as complex adaptive systems. As Miller and Page stated, in order to analyze a complex system as a 
whole unit, first there should be understood the behavior of each component (Miller & Page, 2007). Because 
business ecosystem by definition can be considered as complex system, it is important to understand that relation of 
cooperation between agents should be dynamic and adaptive. From this point of view, adaptability becomes an 
important feature in business ecosystem research. It is more about how each economic entity adapts to established 
specific conditions and alignment to the common action line. By adopting the adaptability definition such as: 
“ability to change within the given state” (Bordoloi, Cooper & Matsuo, 1999, p.135) it can be concluded that each 
actor inside business ecosystem can change its behavior according to the common strategy. 
1.2. Markov chains theory 
The efficiency of Markov theory has been demonstrated in time through various applications. In this paper it was 
used the concept of Discrete Time Markov Chain (DTMC). DTMC represents a stochastic process, an ensemble of 
random variables defined on a probability space (Capasso & Bakstein, 2012) 
The main property of those chains is presented by: 
Pr {Xn-1 = j|X0 = i0…Xn-1 = in-1, Xn = i} = Pr {Xn+1 = j|Xn = i}                                                                    (1), 
where n represents time points and i0 …. in-1  all possible states. 
Another important definition of this concept is: “A Discrete Time Markov Chain is a Markov process whose state 
space is a finite or countable set, and whose (time) index set is T = (1, 2, …)” (Taylor & Karlin, 1998). 
A stochastic process is a Discrete Markov Chain only if it can adopt a finite number of random variables V = {v1, 
v2, …vn} and at a specific moment T = {t1, t2, …tn}  (Petrehus, Popescu, 2005). 
This definition basicaly represents the probability for a system to be in a specific state vi at a specific moment tk 
depends only from the previous state vik-1(Petrehus, Popescu, 2005). 
The main concern of Markov Chains analysis is to measure the probability for a process to be realised or in case 
of systems to cross from one state to another (Taylor & Karlin, 1998). In order to calculate this probabilities it was 
introduced the term of “transition probabilities matrix”.  This matrix reflects random values that represent the 
probabilities of crossing an item from one state to another in one trial (Taylor & Karlin, 1998). Basically by 
transition it is defined each change of state that occurs. In this case the transition probability is reflecting the 
probability of the system to change its state of functioning. From this point of view the transition matrix can take the 
following form: 
Pt = n × n,                                                                                                                                                    (2), 
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Where n represents number of states, Pt – the transition matrix and its general form representation: 
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The order of the transition matrix depends on the number of finite states of the system. The most important 
property of this matrix is that it should simultaneously satisfy the following conditions: 
1!Pt   (2) 
1
0
 ¦  nmnj p   (3) 
2. Research Framework and case study 
The starting point of this research consists of establishing the general model of business ecosystem. In order to 
facilitate the research method it will be considered that an organization is already a small business ecosystem. From 
this point of view it will be divided in three main levels of development: local, intermediate and global levels. The 
foreseen result of this analysis is to present this business ecosystem as a complex system, formed by three 
subsystems and to measure the probability of transition from different functional states on each level. In order to 
conduct this type of analysis, there will be provided different scenarios of involvement of each identified element. 
2.1. Step one: Identification of business ecosystem structure 
In this step it is proposed to identify possible existing elements in business ecosystem. According to Moore’s 
framework, as it is shown in figure one, at least one organization should represent the core of BE (Moore, 1993). 
Through adopting Moore’s framework and presuming that an organization is already a small business ecosystem, 
for further analysis will be proposed a new combination of elements’ positioning on three levels. According to 
reliability theory, systems can be defined as binary (bivalent) systems if they have two functioning states (one for 
success state and zero for refuse) and this type of systems are usually used in informatics. From this point of view it 
will be considered that business ecosystems are composed from n dependent elements, distributed on three levels of 
development and whose actors are of the major importance in defining the BE’s states . 
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Fig. 1: Business Ecosystem framework (Moore, 1993) 
The knowledge of ecosystem’s structure is important for identification of all possible states in which it can be 
found at different moments. At this rate, the most important aspect is to establish the main conditions: 
x Type of market where the organization will be placed (business – to – business, business – to – 
consumers, business – to – employees, etc.) 
x Type of analyzed organization (corporation, small or medium enterprise, etc.)  
From a conceptual model previously developed by the authors [11], the following sub-structure was used for the 
purpose of the research presented in this paper:  
 
 
 
Fig. 2: The proposed sub-structure of business ecosystem for “reliability” analysis (Galateanu & Avasilcai, 2013) 
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The environmental elements, such as: stakeholders, governmental agencies, competitors and standardization 
bodies, play main role in core units’ development of the entire model through: 
x Establishing legal background 
x Creating diversity and competitiveness 
x Attracting new investments. 
In order to identify how this model is translated into practice, the first step is to identify and to explore the 
models’ specific elements in the selected company. For this case study it was selected Microsoft Corporation as a 
successful business ecosystem.  
2.1.1. Brief Overview 
 
Microsoft Corporation, founded in 1975, in present is declared as a leader in information technology (IT) domain. 
At first the company founders shared the vision to provide for each person his/hers own computer.  Company which 
started as a small business now became a well known corporation. The most important moment in Microsoft 
evolution was in 1980 when it was established the first partnership with IBM. That year was marked by the 
emergence of the first operating system designed for IBM computers. The real success came to Microsoft in 90’s 
when it was launched new operating system Microsoft Windows. A system characterized by high performance and 
user friendly. At this moment, Microsoft is the leading provider of IT solutions with over 10.000 employees. Their 
mission is: “to help people and businesses realize their full potential” (Microsoft, 2013). 
2.1.2. Translating the model into practice 
 
In order to understand the organization as a business ecosystem, there will be identified all the specific elements 
of the conceptual model presented above.  
Table 1: Identification of Microsoft business ecosystem’s elements (Microsoft Annual Reports, 2011 – 2012) 
Levels Elements Business to Business Business to Consumers 
Local 
Clients 
Mostly Small and Medium Enterprises 
(SME’s), NGO’s, Public Institutions, 
Internet Service Providers (80%) 
Individual Consumers (20%) 
Distribution Channels Online and official  distribution points; OEM, local resellers 
Suppliers  
For XBOX 360 – IBM, Taiwan 
Semiconductor Manufacturing 
Company 
Standardization Bodies 
ISO 26000 – Corporate Social Responsibility; ISO / IEC DIS 29500 – 
Information Technology Office Open XML file formats, own certification 
trademark, Financial Accounting Standards Board 
Intermediate 
Competitors 
x Server & Tools: Hewlett Packard, Intel, IBM, Linux 
x Online Service Division: Google, other web sites  
x  Microsoft Business Division: Apple, 
Sap   
Governmental Agencies U.S. Government, International Trade Commission, European Commission 
Stakeholders Non – Profit Organizations, Shareholders 
Global 
International Partners World Economic Forum, Global Reporting Initiative, United Nations Agencies 
International Competitors Local developers in Asia and Europe, Non- Profit Organizations 
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2.2. Step two: establish all possible states of the business ecosystem  
As long as the structure of the analyzed business ecosystem is well known, it is important to identify all the 
possible elements’ combinations in order to understand in which states the ecosystem could be. According to 
Markov’s theory the functioning state of a system can be described through each compound element. By translating 
this idea into business ecosystems domain, the functioning state reflects the involvement of each actor into the same 
actions. From this point of view, it will be establish that the probability of all actors to be involved is equal with one 
and by the numeric value of zero it will be represented the probability of non – functional business ecosystem, 
where all the actors are not involved into the same strategy.  
The starting point in Markov’s algorithm is to estimate the probabilities of each actor’s participation in all 
processes and decisions inside the business ecosystem. At this step it is essential to declare all possible states of the 
analyzed business ecosystem.  
2.2.1. “Microsoft” business ecosystem’ states 
 
In order to establish the business ecosystem’ states, the reference timeline for future analysis will be defined. 
From this point of view there will be analyzed the Microsoft Annual Reports from 2003, 2005, 2007, 2009 and 
2012. Each moment of time is characterized by a new products release: Microsoft Office and Microsoft Windows 
(versions XP, Windows 7/ Vista / 8). According to these reports and by considering that at a specific moment in 
time there is possible for business ecosystem to suffer essential changes, it can be established the following 
functioning states: 
BE1 – registered growth of revenue and operating incomes by 13% and 11% in 2003 as result to transition to new 
licensing program (Licensing 6.0). The launching of Upgrade Advantage and Software Assurance maintenance 
programs it was registered a considerate growth of customer engagement. Also to the revenue contributes the new 
policy for Original Equipment Manufacturers (OEM) according to which OEM’s were charged for acquisition of 
Certificates of Authority (COAs). Higher level of stock price per share registered in 2003 decreased with 7.17 $ per 
share (Microsoft Annual Report, 2003) 
BE2 – the company managed to launch a new series of innovative products such as: Visual Studio, Microsoft 
SQL Server, Small and Mid-Market Solutions & Partners (SMS&P). A new series of agreements were established 
with OEMs such as: Toshiba, Dell, Sony, Lenovo, etc. The distribution of multi – license products primarily 
contracted through agreements, changed into direct transaction with Microsoft. From financial point of view the 
total revenue grew with 23.61 % and the change of operating income with almost 56 % in 2005 compared to 2003. 
The number of shareholders registered according to NASDAQ Stock Market was 149668 and according to Annual 
Report 2005 the price per share on Stock Market grew with 0.86 $ per share (Microsoft Annual Report, 2005) 
BE3 – this year is remarkable for Microsoft Corporation through the major acquisition they made: aQuantive. 
This acquisition gave the possibility for Microsoft to offer a new advertising platform. They launched two main 
important products Windows Vista and Microsoft Office 2007 with over 55 million and 71 millions of licenses sell. 
The number of recorded shareholders was 148344 and the value of share registered on Stock market arose with 1.18 
$ per share. According to financial highlighting from Microsoft Annual Report for 2007 the registered total revenue 
was 51122 mil $, almost 26% more versus 2005 and over 22% growth of operational incomes, primarily driven by 
decreasing costs (Microsoft Annual Report, 2007) 
BE4 – in 2009 global crisis had a negative impact on Microsoft Corporation also. According to their statement PC 
sells and corporate IT investment decreased. Basically total revenue reported in 2009 was 58437 mil $, higher value 
than in 2007 (51122 mil $) but lower than in 2008 (60420 mil $). The operating income also suffers changes as 
result to decreased consumer’s buying power and decreased with almost 10 %. Same goes for common stock price 
per share, it decreased with 2.98 $ per share. There wasn’t registered any new products releasing along this period. 
At the same time, Microsoft announced the release of Windows 7 (Microsoft Annual Report, 2009) 
BE5 – it was the year of major changes for Microsoft. By adopting Cloud Computing technology, there was 
released Office 365 as a new solution for business in 2011, so that in 2012 it has already a strong position on the 
market. At the same time windows 7 was declared as the best-selling product. The launching of new operating 
system – Windows 8 – “bought” new customers for Microsoft through new user friendly interface, graphics and new 
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developed and specially designed apps. It was registered 5 % revenue growth in 2012 versus 2011 and almost with 
26.16 % versus 2009. Common stock price per share increased for next three years with 4.45 $ per share and 
according to NASDAQ Stock Market the number of shareholders decreased until 128992 registered holders of 
common stock shares (Microsoft Annual Report, 2012) 
2.3. Step three: The construction of the states graph 
The graph construction depends on clear listing of all possible states. It is important to list also all possible 
transitions from one state to another. In figure three it is presented the states’ graph of business ecosystem according 
to the grade of involvement of each element. To simplify the representation all the states was noted as BEn, where 
BE means business ecosystem and n represents number of state. 
 
 
Fig.3: Business Ecosystem states ‘graph 
As it was mentioned before the core unit is the most important for the whole business ecosystem. From this point 
of view it was assumed that at local level occur the most relevant changes. It means that at local level can be 
generated a few states. The nodes of the graph represent the already listed possible states, which in this case have a 
pre-defined order, the linear arrows are the possible transitions from one state to the following and the curved 
arrows symbolize the probability to remain in a given state. 
In order to measure business ecosystem’s reliability the starting point of the analysis is to provide the initial 
transition probabilities of established possible states.  According to proposed scenario and because it is specific to 
discrete time Markov chains analysis, the transition probabilities are estimated and will reflect the probabilities 
when the change occurs. These data are usually translated into transition matrix, whose general form is P = n x n, n 
represents the number of states. 
In the case of presented states it is necessary to understand all possible risks that were estimated by Microsoft. 
From this point of view in table 2 are listed the risks identified by the company. 
Considering the states definitions and the risks factors and uncertainties identified by the Microsoft Corporation 
there will be provided transition probabilities. These values will reflect the probabilities of growing revenue on each 
year of company’s evolution in terms of specific risks that was assumed at that time. In the estimation of the values 
it will be considered three major limits: 
0 ÷ 0.4 – low limits 
0.5 ÷ 0.7 – middle limits 
0.8 ÷ 1 - high limits 
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Table 2: Risk factor and uncertainties (Microsoft Annual Reports, 2011, 2003 – 2007) 
Year Risks Factors 
2012 Competition on the technology segment 
Maintaining the security of own products 
Claims and lawsuits 
2009 Inability to protect code source or property rights 
Intense competition 
Operating a global business 
2007 Sales channels disruption 
Improper disclosure of personal data 
Quality or supply chain problems of the products 
2005 Open source gained increasing attention 
Increasing piracy of Microsoft’s products 
Security vulnerabilities 
2003 Significant investments in new products development 
Decline of software demand  
Long term of product development 
 
In this scenario it was identified five possible states and adopted estimated random values for transition 
probabilities matrix will be: 
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Since IT domain gained significant importance in daily life as well as for business it seems to become successful 
trend. The uncertainties which the company identified in 2003 have a low probability to have an impact on revenue 
value. As the states are irreversible, in estimation of value for the second state it will be considered as the reference 
first state. In 2005 Microsoft launched new product for business clients so the probability for the company to grow 
and evolve continuous is high. 2007 became a key moment in company’s evolution. New acquisition represented a 
valuable asset for Microsoft through which the company gained new market. As the crisis occurred the risks became 
a reality. The most important for Microsoft was to keep their customers and minimize the losses. In 2009 the 
probability for investments to withdraw was high. Their strength points were their image and the IT trend. Although 
the revenue decreases at that point, Microsoft announced new release in order to keep customers attention. 
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2.4. Step four: Measuring states’ probabilities 
Two important aspects at this step are: the transition matrix (probabilities to occur an event that change the state 
of business ecosystem) and initial probabilities of the states. Basically the second aspect reflects the initial 
probabilities of the whole ecosystem. As it was mentioned before if the business ecosystem is considered successful 
its initial probability will adopt the value one (means that all actors are involved and all the processes are developed 
properly), all other states will adopt the value zero. This scenario will be considered as the ideal one. To calculate 
the probabilities it will be used the following equation: 
PtkpP
j
n
ji
*)1(
0
 ¦     (5) 
where k represents the number of the transition state, pjk  - the calculated probability of the ecosystem’ transition 
from one state to the next one , Pt – the initial transition matrix 
By applying the formula (5) the calculation of probabilities basically represents the matrixes product, where each 
resulting set of probabilities is considered as initial distribution for the next state. From this point of view the initial 
distribution of probabilities is considered to be: P01 = [1, 0, 0, 0, 0]. 
Table 3: Influence of actors’ involvement on business ecosystem’s, as described by transition probabilities 
 
 
 
 
 
2.5. Discussion 
According to the results of analysis the main finding is that as long as the actors are involved in the business 
ecosystem activity, it can be considered as successful one. The changes that occur in time can produce significant 
influences for the performance of the whole unit. The probability with value 0.539 which is calculated for state three 
indicates that the openness to new markets has an important role for financial activity of the company. It also means 
that business ecosystem attracts more clients and became a dominator on business to business market. This value 
confirms Microsoft statement that 2007 is the key moment of their evolution. Increasing sales and new business 
agreements, as well as new OEMs and well established distribution channels contributes to the financial stability 
and performance. 
The decreasing involvement of competitors has, on the other hand, a negative impact on business ecosystem. 
Basically it means that it could not be respected the condition of diversity. Although the crisis had a negative impact 
on mostly all the economic entities, for Microsoft it was possible to be still profitable. The decreasing number of 
clients on B2C markets did not have a great negative impact on the activity of the company, B2B market sales 
contributed mostly to the revenue. Still, the global economic conditions influenced negative the company which is 
reflected by operational incomes – the losses. 
As an observation the probabilities were calculated for each state at the moment t = 1, 2, 3, 4, 5. From the data in 
the table three it can be observed that the states three and four have a major importance in evolution of the business 
ecosystem from the point of view of actors’ involvement. 
                        BE States 
Probabilities Matrix 
BE1 BE2 BE3 BE4 BE5 
P0 1 0 0 0 0 
P1 0.3 0.7 0 0 0 
P2 0.09 0.42 0.49 0 0 
P3 0.027 0.189 0.539 0.245 0 
P4 0.0081 0.0756 0.4018 0.343 0.1715 
P5 0.00243 0.02835 0.25382 0.3038 0.4116 
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3. Conclusion 
The performed “reliability” analysis revealed the important data for predicting business ecosystem actor’s 
behavior. Basically this type of analysis can be used as a prediction method. It could be observed that although 
different type of actors can act similar, the main difference remains the impact produced on the whole ecosystem.  
The main outcome of this paper is to present a framework for understanding the involvement of each element in 
the processes inside the business ecosystem. As the negative impact increase or the grade of involvement of actors 
decrease, it can lead to emergence of major negative changes inside the business ecosystem and eventually will 
reduce its performance. 
As a future direction of development it will be proposed to implement Markov Chains theory into the process of 
modeling of business ecosystem. 
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